following which limited surgical debridement of obviously nonviable tissue is carried out.
There is often a detectable improvement in the patient's general condition following the first HBO treatment, and when this occurs it usually indicates that the infection is mainly clostridial (Slack et al. 1969) . The response to HBO is not so marked in patients with nonclostridial infections and, although the anaerobic streptococcus is implicated in most of these, other gas-forming aerobic pathogens such as E. coli or klebsiella may be the dominant organisms in these often mixed infections.
In severe clostridial infections, renal failure. may occur (it must always be watched for), and in some instances peritoneal or hmmodialysis is necessary. In the following days, general supportive therapy and intravenous antibiotic therapy are continued, combined with twice daily 1i-2 hour treatment sessions in the HBO chamber. When the patient's recovery is established, more definitive surgery is carried out as required.
Results
In broad terms, nonclostridial infections often show little or no response to HBO therapy. Patients with early clostridial gas gangrene of limbs respond to HBO treatment better than those with late infection or extensive involvement of the trunk where early extensive debridement in conjunction with antibiotics and HBO seems to carry the best chance of survival.
There is an increased incidence of diabetes in patients with clostridial infections (Darke et al. 1976a (Darke et al. , 1976b 
Prophylactic Antibiotics in Bowel Surgery
In patients undergoing operations on the bowel it has been shown that under certain circumstances prophylactic antibiotics may prevent or modify the complications of wound infection and septicemia. However, there are factors other than antibiotics which profoundly influence the risk of postoperative sepsis. In the past too little emphasis has been placed on influences such as the degree of surgical skill in constructing an anastomosis or the presence of residual fmces in resected colon after mechanical preparation, possibly because it is very difficult to make objective assessment of these variables. For many years surgeons have tended to put their trust in the traditional routine of five days' mechanical bowel preparation combined with the administration of nonabsorbable chemotherapeutic agents or antibiotics such as phthalylsulphathiazole or neomycin. There are conflicting reports of the efficacy of prophylactic oral antimicrobial regimens and also of the value of systemic or topically applied antibiotics.
The results of clinical trials are confusing because of difficulties posed by the standardization of the many factors involved and in matching patients and operations. Often insufficient attention has been paid to the age of the patients, the degree and type of contamination during operation, biochemical considerations such as hypoalbuminemia or diabetes, or the duration of operation and the degree of surgical competence. Nevertheless, the hopeful use of prophylactic, antimicrobial agents appeals to most surgeons who seek to reduce their (usually underestimated) incidence of postoperative septic complications.
In recent years attention has been focused on the importance of the anaerobic flora of the large bowel (Nichols et al. 1971) , in particular on the bacteroides species, which outnumber the aerobic organisms by several thousand times. These fastidious anaerobic organisms were once thought not to be pathogenic; however, refined laboratory techniques have shown beyond doubt not only that they are present in many infected wounds following operations on the large bowel but also that they may be responsible for severe and even fatal septicemia. Traditional nonabsorbable oral antimicrobial drugs have very little effect in reducing the number of anaerobic organisms in the colon. The principal reason for the indifferent results of the early antibiotic trials may have been failure to recognize the importance and pathogenicity of bacteroides species, organisms which can nevertheless be reduced by effective prophylaxis.
In a prospective controlled trial in our Unit (Keighley et al. 1976) we studied the incidence of postoperative wound sepsis and septicxmia in patients undergoing elective bowel surgery; 33 patients received systemic lincomycin for five days (lincomycin being very effective against bacteroides species) and 29 patients in a control group received no antibiotics. There was no difference in the incidence of sepsis due to aerobic micro-organisms but a marked difference was noted in the incidence of anaerobic infec-tions. More than twice the overall incidence of wound sepsis and septicamia occurred in the controls than in the treated group. Anaerobic infection occurred in only one patient receiving lincomycin compared with 10 of the control patients. In the next 31 consecutive patients we then attempted to reduce the incidence of aerobic sepsis by adding to the lincomycin tobramycin (an aminoglycoside effective against colonic Gram-negative aerobic organisms). We gave only a 24-hour prophylactic cover rather than the five-day course. No bacteroides were recovered from any post-operative wound but the aerobic sepsis incidence was not apparently reduced by the addition of tobramycin (Table 1 ). These trials suggested three things: (1) Suitable prophylactic-systemic antibiotics could reduce the incidence of wound sepsis.
(2) It appeared to be easier to reduce the incidence of anaerobic than that of aerobic sepsis. (3) Twenty-four-hour prophylaxis was as effective as a five-day course. These observations supported the views of Stokes et al. (1974) who, in a trial of not exclusively bowel operations, observed a reduction in the rate of postoperative sepsis using only a two-dose regimen of systemic lincomycin and an aminoglycoside (gentamicin or tobramycin). The theoretical advantages of systemic antibiotic cover during operation are that: (1) Adequate blood levels may prevent bacterimemic complications (analogous to antibiotic prevention of endocarditis during dental manipulation in patients with rheumatic heart disease). (2) Adequate tissue levels may reduce sepsis due to inoculated bacteria in surgical wounds. A short course of antibiotics is unlikely to lead to emergence of antibiotic-resistant bacteria and is less likely to cause specific complications such as nephrotoxicity. However, a short course of an anti-anaerobic agent does not abolish the risk of the complication of colitis.
No amount of the most potent oral antimicrobials will entirely eradicate the gut flora; the only way to sterilize the bowel is to take it out and boil it. Furthermore, unless there is some absorption from the gut and the antimicrobial agents are continued up to and during operation, then there cannot be adequate blood or tissue levels to counteract bacterimemia or bacterial wound inoculation. Although a combination of oral metronidazole (an antimicrobial effective against anaerobes) and kanamycin has recently been shown to reduce postoperative sepsis (Goldring et al. 1975) , we believe that, to be effective, oral antimicrobials must be administered to patients whose bowel is totally empty of faeces, a situation rarely obtained even by the most assiduous of nursing staff using traditional colonic lavage per anum. The technique of whole gut irrigation via a nasogastric tube has, in our hands, been shown to be practical, safe and highly efficient (Crapp et al. 1975) . We are at present attempting to identify and quantitate colonic micro-organisms recovered during operation from two groups of patients, both prepared within 24 hours of operation by the whole gut irrigation, one group with and one without metronidazole or neomycin.
There are almost as many reports condemning the use of topical antimicrobial agents instilled into surgical wounds as there are supporting their use.
Theoretical objections to topical prophylaxis are the inability to obtain adequate blood levels, the possible development of resistant organisms within the wound, sensitization of the patient to the instilled agent and dissemination of aerosol antibiotic throughout operating theatres. However, we consider the objections to be hypothetical rather than practical and we believe in the value of topical agents in preventing infection in the wound. Nevertheless they are of less value in preventing infection in cavities and of no value in preventing bacterikmia. Undoubtedly the most important single factor in preventing sepsis after bowel surgery is a colon empty of faeces. However, there is no ideal method of mechanically preparing a colon obstructed by a stricture either benign or malignant. In patients with partial or complete obstruction it may be safer to performn an extended right hemicolectomy, subtotal colectomy or even total colectomy rather than to divide a faces-filled bowel or leave faces packed proximal to an anastomosis. We believe that even the smallest degree of anastomotic breakdown is of far greater importance in the genesis of septic complications than omission of antimicrobial prophylaxis. We believe also that in the assessment of septic complications after bowel surgery any patients with anastomotic breakdown or leakage should be accurately recorded and separately analysed.
The indications for prophylactic antibiotics in elective bowel surgery are still debated, but we suggest the following approach to be rational, based on the notion that it is probably more important to aim to reduce anaerobic rather than aerobic sepsis: (1) The colon is mechanically prepared using the technique of whole gut irrigation within 24 hours of operation. (2) A single dose of metronidazole and kanamycin is given by mouth at the end of the irrigation. (3) A 24-hour course of systemic lincomycin is begun 4 hours before operation. Theoretical requirements are then fulfilled: the colon is empty of fmces and depleted of micro-organisms and the patient has per-operative serum and tissue levels adequate to inhibit or kill any inoculated anaerobes. A high degree of surgical competence plus this regimen may then result in the lowest possible postoperative incidence of sepsis. Surgical wounds differ from war wounds in that the principles of wound excision and delayed primary suture are still applicable to the latter, but recent developments have focused attention on new aspects of the prophylaxis of surgical wound sepsis.
During the past eight years all wounds in a single general surgical unit have been studied for at least a month after operation and any discharge has been documented. In all our trials the method of prophylaxis is recorded separately from the patient's case notes in order to avoid observer bias.
Wound sepsis is defined as the discharge of pus from the incision and is classified as major (with constitutional disturbances) and minor (a 'stitch abscess'). We separate primary sepsis (pus discharged from a previously dry wound) from secondary sepsis (pus discharged from a wound which had previously discharged some other substance, usually blood or serum) and the prophylaxis of each is different.
Primary sepsis arises during operation, usually from endogenous sources, although some of the rare examples in totally clean operations are exogenous in origin. Its prevention, therefore, depends on minimizing wound contamination (from potentially infected contents of hollow muscular viscera), preservation of the body's natural defences, and the use of effective antibacterial agents at the time of operation. In controlled trials intra-incisional instillation of ampicillin, tetracycline, kanamycin and cephaloridine have all been shown to reduce the incidence of surgical wound sepsis (Evans et al. 1974) .
The prevention of secondary sepsis, on the other hand, depends on the maintenance of a dry wound during the healing process and the avoidance of cross-infection in surgical wards. In most busy, multi-bedded general surgical wards the chances of a discharging wound becoming infected are high. Patients nursed in single rooms, ventilated either by a positive pressure system (Davidson et al. 1971) or merely by fresh air from a window are less susceptible to cross-infection.
Primary Sepsis
In 2491 general surgical operations we have studied the effect of cephaloridine on wound sepsis, most of which was minor. After a trial in which a regimen of three doses of cephaloridine given parenterally had shown significant benefit over untreated controls (Evans & Pollock 1973) , our subsequent trials have concerned single-dose intra-incisional cephaloridine prophylaxis. This was shown to be more effective than no prophylaxis (Evans et al. 1974) , similarly instilled gentamicin (Pollock & Rosenberg 1974), povidone-iodine (Pollock & Evans 1975a ) and framycetin (Pollock & Evans 1975b) . Our present regimen is the intra-incisional instillation of I g of cephaloridine dissolved in 2 ml of water at the end of the operation. In the three categories of surgery (clean, colorectal and perforated appendicitis, and other potentially contaminated) the rates of primary wound sepsis were 0.8% of 602, 24.8% of 121 and 6.7 % of 462 in the combined cephaloridine groups compared with 2.2 % of 681, 46.4% of 125 and 17.2 % of 500 in the combined control groups.
One of the fundamental principles of aseptic surgery is the prevention of wound contamination by potentially infected fluids during operation and we have not studied any modification. On the other hand, we have assessed in a random
